A fractional order time-independent form of the wave equation or diffusion equation in two dimensions is obtained from the standard time-independent form of the wave equation or diffusion equation in two-dimensions by replacing the integer order partial derivatives by fractional Riesz-Feller derivative and Caputo derivative of order α, β, 1 < R α ≤ 2 and 1 < R β ≤ 2 respectively. In this paper, we derive an analytic solution for the fractional time-independent form of the wave equation or diffusion equation in two dimensions in terms of the Mittag-Leffler function. The solutions to the fractional Poisson and the Laplace equations of the same kind are obtained, again represented by means of the Mittag-Leffler function. In all three cases, the solutions are represented also in terms of Fox's H-function.
Introduction
The standard time-independent form of the wave equation or diffusion equation in twodimensions In electromagnetics, the two-dimensional time-independent form of the wave equation or diffusion equation appears as the governing equation for waveguide problems. There is huge mathematical and engineering interest in electromagnetic wave scattering problems driven by many applications such as modeling radar, sonar, acoustic noise barriers, atmospheric particle scattering, and ultrasound since both the incident and scattered electric field satisfy the two-dimensional time-independent form of the wave equation or diffusion equation which is also known as the scalar Helmholtz equation see Budiarto and Takada 3 . This paper introduces a new fractional-model time-independent form of the wave equation or diffusion equation in two-dimensions, in which both the space variables x and y are allowed to take fractional order changes. Such models are described in Mainardi et al. 4 and are defined as
where k is the wave number given by k 2π/λ where λ is the wavelength, E x, y is the field variable of interest, which could be acoustic pressure, wave elevation, or electromagnetic potential, among many other possibilities, and Φ x, y is a nonlinear function in the field. x D α θ is the Riesz-Feller space fractional derivative of order α and asymmetry parameter skewness θ, and y D β * is the Caputo fractional derivative of order β. These fractional derivatives are integrodifferential operators, and are defined in the section on mathematical preliminaries.
The Mittag-Leffler function is a special function having an essential role in the solutions of fractional order integral and differential equations. Recently, this function is frequently used in modeling phenomena of fractional order appearing in physics, biology, engineering and applied sciences. After being introduced and studied by Mittag-Leffler 5 , Wiman 6 and Agarwal 7 , the Mittag-Leffler function, in its two forms:
has been studied in details by Dzherbashyan 8 
Mathematical Preliminaries
The space fractional Riesz-Feller derivative x D α θ of order α and skewness θ is defined as
where 0 < α ≤ 2, |θ| ≤ min α, 2 − α and the Caputo derivative of order α with respect to t,
where · · · is the integer part. 
and an empty product is always interpreted as unity; m, n, p, q ∈ N 0 with 0 
where
C is the complex number field. The Mittag-Leffler function is a special case of this function,
2.5
The Laplace transform of the function N x, t with respect to t is
and its inverse transform with respect to s is given by
γ being a fixed real number. The Fourier transform of a function N x, t with respect to x is defined as
the inverse Fourier transform with respect to p:
The space of functions for the above two transforms is LF L R × F R , where L R is the space of summable functions on R with norm f ∞ 0 |f t |dt < ∞ and F R is where
2.11
The Laplace transform of the Caputo fractional derivative see, e.g., Podlubny 16
2.12
From Mainardi et al. 4 , the Fourier transform of the Riesz-Feller derivative is given by 
The Exact Solution of the Fractional Laplace Equation
The exact solution of the fractional Laplace equation 1.2 in terms of three special functions namely, Mittag-Leffler function, Fox's H-function, and Mainardi function, respectively, are derived in the following subsections.
The Exact Solution in Terms of Mittag-Leffler Function
Theorem 3.1. Consider the fractional Laplace equation E β,1 ψ θ α p y β e −ipx dp. 3.8
Exact Solution in Terms of Fox's H-Function
From the above theorem, exact solution in Fox's H-function for the fractional Laplace equation
, using 2.14 .
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Fractional Poisson Equation
As a generalization of the Cauchy problem 3.1, the Mittag-Leffler solution of the fractional Poisson equation
is given as.
Cauchy Problem
The solution to the fractional Poisson equation
where Φ x, y is a nonlinear function, Solution. Applying the Laplace transform with respect to the space variable y and Fourier transform with respect to the space variable x and using initial conditions, we have
4.4
Taking the inverse Laplace transform and using Laplace convolution, 
The Fractional Master Equation
In this section, we solve the fractional master equation, namely, the fractional timeindependent form of the wave or diffusion equation 
Where is the Fourier transform with respect to x. The proof of this theorem and the H-function solution of the fractional time-independent form of the wave equation or diffusion equation are discussed in the appendix.
Conclusion
The The H-function exists for all z, z / 0 where z −2 α e iθ π/2 |x| −α y β .
